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FIELD OF THE INVENTION

The present invention relates to a production
method of a semiconductor device, and more particu-
larly to a method of producing a fine mask pattern in
the production of a compound semiconductor device.

BACKGROUND OF THE INVENTION

Figure 8 shows a method of producing an aper-
ture of a gate part in HEMT (High Electron Mobility
Transistor) recited in Electronics Letters vol.24 (1988)
pp-1327 by I. Hanyu et al. In figure 8, reference num-
eral 1 designates a compound semiconductor sub-
strate. A SiO, film 2a is produced on the substrate 1.
A photoresist 4 is produced on the SiO; film 2a.

Figure 9 shows a friple-layer photoresist produc-
tion method used for producing a dummy pattern of a
gate part in SAINT (Self-Aligned Implantation for N*-
layer Technology) MESFET (Metal Semiconductor
Field Effect Transistor) recited in IEEE Transactions,
vol.ED-29, (1982) pp.1772 by K. Yamasaki et al. In
figure 9, reference numeral 1 designates a compound
semiconductor substrate. A lower layer photoresist 7
is produced on the substrate 1. An upper layer photo-
resist 8 comprising material having a higher resolution
than that of the lower layer photoresist 7 is disposed
on the lower layer photoresist 7. Reference numeral
9 designates a sputtered SiO, film.

A description is given of a production method of
an aperture shown in figure 8.

First of all, as shown in figure 8(a), a SiO, film 2a
is plated on the compound semiconductor substrate
1 by plasma CVD or sputtering. Next, photoresist 4 is
plated and a photoresist pattern is produced theref-
rom. An optical exposure or an EB (electron beam)
exposure is used for the patterning of photoresist 4
and an appropriate photoresist is used for the photo-
resist 4 depending on the exposure method used. EB
exposure is used in the case of |. Hanyu et al.. There-
after, as shown in figure 8(b) the SiO, film 2a is etched
by RIE (Reactive lon Etching) using the photoresist 4
as amask, and as shown in figure 8(c) the photoresist
4 is removed to produce the SiO, film 2a having an
aperture on the compound semiconductor substrate
1. In the case of 1. Hanyu et al., thereafter sputtering
metal is sputtered on the entire surface of substrate
and a gate having a Schottky barrier comprising metal
and semiconductor is produced at the aperture, and
thus a HEMT is produced.

A description is given of a production method of
a triple-layer photoresist shown in figure 9.

As shown in figure 9(a), a lower layer photoresist
7 is plated on the compound semiconductor substrate
1 and an SiO, film 9 is plated thereon by sputtering
and further an upper layer photoresist 8 having a
higher resolution than that of the lower layer photores-
ist 7 is plated. Next, as shown in figure 9(b), the sput-
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tered SiO, film 9 is etched by RIE using such as CF,
+ O, gas, using the upper layer photoresist 8 as a
mask. Finally, as shown in figure 9(c), reactive ion
etching is carried out using such as O, gas using the
sputtered SiO, film 9 as a mask, and a pattern of the
lower layer photoresist 7 is produced. Meanwhile the
upper layer photoresist 8 is removed by the RIE using
0O, gas.

This technique has the characteristic that the pat-
tern of upper photoresist 8 having low anti-RIE prop-
erty but high resolution can be transferred onto the
lower layer photoresist 7 having high thermal stability,
high anti-RIE property, and large film thickness.
Therefore, the thermal stability and anti-RIE property
of the lower layer photoresist 7 can be utilized in the
later process. Furthermore, a process utilizing advan-
tages that it has a large film thickness and a high re-
solution can be carried out.

The prior art production method of a semiconduc-
tor device constituted as described above has the fol-
lowing problems.

First of all, in the method of producing an aperture
shown in figure 8, when the SiO, film 2a is etched by
RIE, the photoresist 4 is also etched, thereby increas-
ing the size of the aperture. When the aperture is used
as a gate of an FET, it means that the gate length is
increased and for example even when the photoresist
4 is produced in an aperture size of 0.2 micron by elec-
tron beam exposure, the aperture size of the SiO, film
2a after RIE increases to about 0.3 micron. This
reduces transconductance gm or the like of the tran-
sistor.

Furthermore, in the method shown in figure 8, a
damage by RIE enters into the exposed part of the
surface of the semiconductor substrate 1 when the
SiO, film 2a is etched by RIE. The damages below the
gate of the transistor cause a lowering of the control-
lability of transconductance gm and the threshold volt-
age Vr.

Next, in the triple-layer photoresist production
method shown in figure 9, when sputtered SiO, film 9
is etched by RIE using the upper layer photoresist 8
as a mask, the photoresist 8 is also etched and the
pattern of sputtered SiO, film 9 becomes smaller than
that of the upper layer photoresist 8. Furthermore,
when the lower layer photoresist 7 is etched by RIE
using O, gas using the sputtered SiO, film 9 as a
mask, the pattern of the photoresist 7 becomes further
smaller than that of sputtered SiO, film 9. Therefore,
the use of this method for producing a short gate
requires RIE conditions having quite high selectivity,
thereby resulting in difficulty to a great extent. Actually
the gate length of SAINT MESFET is about 0.3 micron
and it is difficult to further reduce the size at present.

SUMMARY OF THE INVENTION

The present invention is directed to solving the
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above described problems and has for its object to
provide a production method of a semiconductor
device that can transfer a pattern which is obtained by
optical exposure or electron beam exposure onto a
metal, insulating film, or photoresist on a substrate in
fine pattern and at high controllability.

It is another object of the present invention to pro-
vide a production method of a semiconductor device
that can produce an ion implantation region self-alig-
ned with the pattern in the production process of such
pattern.

It is still another object of the present invention to
provide a production method of a semiconductor
device that can select arbitrarily the kind of ions and
the amount of implantation of the self-alignedly pro-
duced ion implantation region.

It is still another object of the present invention to
provide a method of producing a MESFET, a MESFET
having a low resistance gate electrode, ora HEMT as
an application of the above described production
method.

Other objects and advantages of the present
invention will become apparent from the detailed des-
cription given hereinafter; it should be understood,
however, that the detailed description and specific
embodiment are given by way of illustration only,
since various changes and modifications within the
spirit and scope of the invention will become apparent
to those skilled in the art from this detailed description.

In accordance with a first aspect of the present
invention, thermohardening resin is provided on a
ground substrate, particle beam is implanted selec-
tively into this thermohardening resin, the resin of the
particle beam implantation region is hardened, an
inverted pattern is produced by removing the non-har-
dened part to which particle beam is not implanted,
and the pattern is utilized as a mask pattern for the
later processing.

In accordance with a second aspect of the pre-
sent invention, the particle beam implantation pro-
cess includes a process of implanting the kind of ions
that are to be donors, acceptors or deep levels in the
semiconductor of the ground substrate including
semiconductor layer at an implantation energy of
which ions can reach in the semiconductor layer.

In accordance with a third aspect of the present
invention, thermohardening resin is plated on the
semiconductor substrate or on the substrate on which
an insulating film is plated, a photoresist pattern is
provided on the thermohardening resin, ions which
are to be donors, acceptors, or deep levels in the
semiconductor are implanted at an energy of which
ions can reach the semiconductor substrate, the ther-
mohardening resin of the implantation region is suffi-
ciently hardened to produce an ion implantation
region in the semiconductor-substrate, the photores-
ist pattern and the non-hardened thermohardening
resin are removed, a pattern is transferred onto the
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lower layer semiconductor substrate or the insulating
film on the semiconductor substrate using the remain-
ing thermohardening resin as a mask, and an aperture
is produced self-aligned with the ion implantation reg-
ion.

In accordance with a fourth aspect of the present
invention, thermohardening resin is plated on a semi-
conductor substrate or a semiconductor substrate on
which an insulating film is plated, a photoresist pattern
is provided on the thermohardening resin, particle
beam implantation is carried out using this as a mask,
thermohardening resin of the particle beam implan-
tation region is sufficiently hardened, ions which are
to be donors, acceptors, or deep levels in the semi-
conductor are implanted at an energy of which ions
can reach in the semiconductor substrate thereby to
produce an ion implantation region in the semicon-
ductor substrate, the photoresist pattern and the non-
hardened thermohardening resin are removed, a
pattern is transferred onto the lower layer semicon-
ductor substrate and the insulating film on the semi-
conductor  substrate using the remaining
thermohardening resin as a mask, and an aperture is
produced self-aligned with the ion implantation reg-
ion.

In accordance with a fifth aspect of the present
invention, in the above-described production method,
an active region is previously produced in a semicon-
ductor substrate, the ion implantation regions to which
ions which are to be donors or acceptors in the semi-
conductor are implanted serving as a source and a
drain region are produced in the substrate, a Schottky
metal is provided at an aperture which is produced
self-aligned with the ion implantation region by the
pattern transfer, the thermohardening resin on the
source and drain region are removed, and an ohmic
electrode is produced on the portion where the ther-
mohardening resin is removed, thereby producing a
MESFET.

In accordance with a sixth aspect of the present
invention, in a production method of a semiconductor
device, thermohardening resin is plated on a com-
pound semiconductor substrate on which an active
region is produced directly or via an insulating film, the
regions corresponding to the gate electrode, drain
electrode, and source electrode production region on
the thermohardening resin are covered by photores-
ist, a particle beam is implanted into the thermohar-
dening resin using the photoresist pattern as a mask,
the thermohardening resin of the particle beam
implantation region is sufficiently hardened, the non-
hardened thermohardening resin at a photoresist pat-
tern and gate electrode production region are
removed, the compound semiconductor substrate or
the insulating film on the substrate exposed thereby
are etched, a recess groove reaching the active layer
is produced, a Schottky metal is plated on the groove
part, non-hardened thermochardening resin at the



5 EP 0 476 801 A2 6

source and drain electrode production region is
removed, thereby to expose the compound semicon-
ductor substrate, and an ohmic electrode is plated on
the exposed part, thereby producing a HEMT.

In accordance with the first aspect of the present
invention, the particle beam implantation into the ther-
mohardening resin has an effect of hardening suffi-
ciently the thermohardening resin of the implanted
region, but in contrast, the non-implanted part is not
hardened. Therefore, non-hardened resin of the non-
implanted part can be removed at high selectivity with
the hardened resin of the injected part and an inverted
pattern comprising hardened resin is produced.

When kinds of ion which are to be donors, accep-
tors, or deep levels in the semiconductor are used for
the injected particle beam and they are implanted at
an implantation energy of which ions can reach the
semiconductor substrate, hardening resin is pro-
duced by ion implantation as well as an ion implan-
tation region is produced self-aligned with an inverted
pattern comprising hardening resin in the substrate.

Furthermore, when this inverted pattern is trans-
ferred onto the ground substrate, an aperture pattern
can be produced self-aligned with the ion implantation
region in the substrate and the inverted pattern com-
prising hardened resin is constituted of the particle
beam implantation region and the thermal diffused
region from the particle beam implantation region,
whereby the aperture pattern becomes smaller than
the pattern of initial stage used for implanting particle
beam into the thermohardening resin, thereby pre-
venting broadening of a pattern at the production of
the aperture pattern. Furthermore, by providing a
Schottky metal at this aperture part and providing an
ohmic electrode on the ion implantation region, a
MESFET can be easily produced.

In a particle beam implantation process which is
divided into two, at one of which an initial stage parti-
cle beam implantation is carried out at an energy of
which ions cannot reach the semiconductor substrate
and at the other of which ions which are to be donors,
acceptors, or deep levels in the semiconductor at an
implantation energy of which ions can reach the semi-
conductor substrate before removing the photoresist,
an aperture pattern which has no broadening against
the initial pattern can be produced self-aligned with
the implantation region by pattern transferring printing
and also the particle beam implantation for hardening
the thermcohardening resin and ion implantation for
producing an ion implantation region can be carried
out independently, whereby the kind of ions and the
amount of the implantation to be implanted into the
active region can be arbitrarily selected.

In addition, if an aperture pattern is provided
using an inverted pattern which is produced by
implanting particle beam selectively to the thermohar-
dening resin and a Schottky metal is plated to the
aperture pattern and an ohmic metal is plated on the
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other aperture pattern, a fine pattern gate which is
determined self-aligned with the ohmic electrode is
produced and the distance between the ohmic metal
and the Schottky metal is determined by the initial
stage photoresinst pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional side view showing a
production method of a semiconductor device in
accordance with afirstembodiment of the present
invention;

Figure 2 is a cross-sectional side view showing a
production method of a semiconductor device in
accordance with a second embodiment of the
present invention;

Figure 3 is a cross-sectional side view showing a
production method of a semiconductor device in
accordance with a third embodiment of the pre-
sent invention;

Figure 4 is a cross-sectional side view showing a
production method of a semiconductor device in
accordance with a fourth embodiment of the pre-
sent invention;

Figure 5 is a cross-sectional side view showing a
production method of a semiconductor device in
accordance with a fifth and a sixth embodiments
of the present invention;

Figure 6 is a cross-sectional side view showing a
production method of a semiconductor device in
accordance with a seventh embodiment of the
present invention;

Figure 7 is a diagram showing a range of ions in
a SiO; film;

Figure 8 is a cross-sectional side view showing a
production method of a semiconductor device
according to the prior art production method of an
aperture; and

Figure 9 is a cross-sectional side view showing a
production method of a semiconductor device
according to another prior art production method
of an aperture.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the present invention will be
described in detail with reference to the drawings.

Figure 1 is a cross-sectional view showing main
process steps of a production method of a semicon-
ductor device in accordance with a first embodiment
of the present invention. In figure 1(a), reference num-
eral 1 designates a compound semiconductor sub-
strate. A SiN film 2 is produced on the substrate 1 by
plasma CVD. Thermohardening resin film 3 is pro-
duced on the SiN film 2. This thermohardening resin
3 is sintered to be hardened at 100°C.

Here, as an example of the thermohardening
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resin 3, resin used for spin on glass (SOG) will be des-
cribed. SOG resin is obtained by dissolving silicon
compound of Si-O-CH; shaped configuration into
ethanol series solvent and when it is plated on a
wafer, it becomes a thin film of approximately 1000 to
5000 angstroms. When this is heated, CH; and H,0O
are evaporated and an SiO, thin film is produced on
the wafer. When it is heated up to about 1000°C, the
SiO, thin film has approximately the same film quality
as that of a thermal SiO, film and the etching rate
against hydrofluoric acid also becomes the same as
that of a thermal SiO, film (etching rate of 30 ang-
stroms/min is obtained by hydroflucric acid which is
diluted to 200 times by water). Accordingly, it is insuf-
ficient only to heat the same at 100 °C as shown in the
above-described embodiment, and the etching rate
against hydrofluoric acid is quite large to be such as
an etching rate of 700 angstroms/min when hydrof-
luoric acid which is diluted to about 200 times by water
is used.

Next, as shown in figure 1(b), a photoresist pat-
tern 4 is produced on the thermohardening resin 3
which is hardened. As for the photoresist 4, electron
beam photoresist which is subjected to an electron
beam exposure can be used. However, here photo-
resist which is obtained by applying optical exposure
to a pattern of 0.4 micron is used. Then, a particle
beam is implanted using the photoresist pattern 4 as
a mask. For the particle beam, electron beam, ion
beam, or neutral particle beam can be used, but here
ion implantation is adopted because ion implantation
has a large obstruction ability as an advantage in har-
dening resin and can be easily obtained by an implan-
tation apparatus. Here, because ions reach up to the
SiN, film 2, those ions that do not become impurities
in the film such as silicon or nitrogen diluted gas ion
are desirably used. When ions which become impurity
are selected, they should be removed after metal is
plated on the aperture.

The implantation energy of the ion is selected
such that the range thereof is larger than the film thick-
ness of the thermohardening resin and is smaller than
the thickness up to the semiconductor substrate.

The ranges of ions in the SiO, film are shown in
figure 7. This shows it is sufficient that silicon ion or
argon ion is injected at 100 KeV and krypton ion is
injected at 200 Kev when the thickness of thermohar-
dening resin is 700 angstroms and that of SiN film is
1000 angstroms. The amount of implantation is
enough to be 1 x 1015cm-2 when silicon ion is used,
which is obvious from the measurement result of sin-
tering. In a case of argon ion or krypton ion, the range
is short, therefore the resin is hardened at small
amount of implantation.

Here, the film thickness of the thermohardening
resin which is hardened by the ion implantation is thin-
ner than the one before hardened.

Next as shown in figure 1(c), reference numeral
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5 designates a first ion implantation region. The first
ion implantation region 5 is a region where ions which
are not required to be donors, acceptors, or deep
levels in the compound semiconductor are implanted.
In figure 1(c), the photoresist 4 is removed. Further-
more, reference numeral 3b designates a region to
which ions are not implanted but is hardened by ther-
mal diffusion of ions from the implantation region 3a.
Therefore, the size of the region 3b can be controlled
by the implantation conditions such as energy, the
kind of ions, and implantation rate.

Figure 1(d) shows a state after it is processed for
1 minute and 30 seconds by hydrofluoric acid which
is diluted to 200 times by water. The portion where the
resin is hardened is only removed by 50 angstroms or
less (etching rate : 30 angstroms/min). Therefore,
even if it is removed by hydrofluoric acid, the har-
dened portion is hardly etched.

Finally, as shown in figure 1(e), the SiN film 2 is
plasma etched using the hardened resin as a mask.
The etching rate of SiN to SiO, is about 15 times when
SFg is used as an etching gas.

In the above described processes, because all
the etching processes have selectivity of 10 or more
and method such as hardening of resin by ion implan-
tation having high controllability is used, there are no
unstable factors in this production method.

Furthermore, the fact that the thermohardening
resin is hardened by thermal diffusion of ions from the
implantation region means that the pattern which is
finally produced becomes smaller than the initial pat-
tern. This means that the problem that the pattern is
broadened at the time of producing an aperture pat-
tern in the prior art method can be solved.

A description is given of a second embodiment of
the present invention utilizing the above described
first embodiment.

Figure 2(a) is the same as the figure 1(a). In figure
2(b), the photoresist 4 is produced and the ion implan-
tation is carried out. As for ion which is used at this
time, ions which are to be donors, acceptors, or deep
levels in the compound semiconductor are selected
so that ion implantation into the compound semicon-
ductor are conducted simultaneously with hardening
of the thermohardening resin. Generally, silicon ion is
implanted in order to produce donor, beryllium ion or
magnesium ion is implanted in order to produce
acceptor, and boron ion or hydrogen ion is implanted
in order to produce deep level. The energies of res-
pective ions can be selected from figure 7, for
example, silicon may be implanted at an energy of
200 KeV and a dose amount of 1 x 101%cm—2. Here, the
thickness of thermohardening resin is 700 angstroms
and the thickness of SiN film is 1000 angstroms.

Figures 2(c) to (e) show the same production flow
as those of figures 1(c) to (e). Reference numeral 6
designates a second ion implantation region. The
second ion implantation region 6 is a region in which
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ions which are to be donors, acceptors, or deep levels
in the compound semiconductor are implanted.
Thereafter, by way of annealing process, a region of
the compound semiconductor where ions are implan-
ted into becomes the region of n type, p type, or
insulating type in accordance with the kind of implan-
ted ions and the aperture pattern is produced self-alig-
ned at a position apart from the active region or the
insulating region by the distance of thermohardening
region by the thermal diffusion 3b. In this case, the SiN
film 2 is not necessarily required.

Finally, a third embodiment of the present inven-
tion will be described utilizing the first embodiment
with reference to figure 3.

Figure 3(a) is the same as figure 1(a). In figure
3(b), photoresist 4 is produced and at first ions are
implanted at an energy of which ions do not reach the
compound semiconductor to harden the thermohar-
dening resin, thereby producing a first ion implan-
tation region 5 as shown in figure 3(c).

Thereafter, ions which are to be donors, accep-
tors, or deep levels are implanted at an energy of
which ions reach the compound semiconductor sub-
strate as similarly with the second embodiment in fig-
ure 3(c), thereby producing a second ion implantation
region 6. This is shown in figure 3(d). By this, harden-
ing of the thermohardening resin 3 and ion implan-
tation into the compound semiconductor 1 can be
carried out independently and the optimization of con-
ditions is eased. As an example, the hardening of the
resin is carried out by implanting silicon ion, argon ion
at 100 KeV and about 1 x 10'5cm-2, or krypton ion at
200 KeV and about 1 x 10'5cm-2, thereby hardening
the thermohardening resin 3 and thereafter beryllium
ion is implanted at 100 KeV or less and about 1 x
10'2cm-2 so as to obtain a required concentration of
p type active layer. Silicon ion is implanted at 100 KeV
or less about 1 x 103cm2 so as to obtain a required
concentration of n type active layer.

These implantation energies are selected from
figure 7.

The processes to be carried out thereafter, that s,
processes of figures 3(e) and (f) are the same as
those of figures 1(e) and (f) and figures 2(d) and (e)
shown with reference to the second embodiment.

In the above illustrated embodiment, a method of
producing a fine aperture pattern is described. A tri-
ple-layer photoresist can be produced by other
method.

Figure 4 shows a fourth embodiment of the pre-
sent invention for producing a friple-layer photoresist
which has photoresist 8 having a fine through pattern
as an upper layer and photoresist 7 as a lower layer
of the thermohardening resin 3.

A detailed description thereof will be given herein-
below.

First of all, as shown in figure 4(a), ions are
implanted into the thermohardening resin 3 using the
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upper layer photoresist 8 as a mask and the ther-
mohardening resin 3 is hardened.

Next, the upper layer photoresist 8 is removed as
shown in figure 4(b). When non-hardened resin 3 is
also removed by hydrofluoric acid, thermohardening
resins 3a and 3b remain as shown in figure 4(c).

Next, the lower layer photoresist 7 is etched by
RIE using O, gas using the thermohardening resins
3a and 3b as a mask as shown in figure 4(d), thereby
completing the triple-layer photoresist.

In the prior art production method utilizing a triple-
layer photoresist, there is a disadvantage in that a pat-
tern becomes too small as discussed in the
background of the invention. However, in this fourth
embodiment, RIE is carried out only one time by O,
RIE to produce a triple-layer photoresist and therefore
there is less probability that the pattern becomes
small.

Therefore, the process utilizing thermal stability
and anti-RIE property of the lower layer photoresist 7
and a process utilizing an advantage in that the lower
layer photoresist is thick and also has high resolution
can be carried out at high controllability and such a
production of a fine pattern gate and processing of a
wiring pattern can be carried out at high precision.

The above illustrated embodiment can be applied
to the productions of compound semiconductor
devices as follows:

(1) MESFET,

(2) self-aligned type refractory gate MESFET

having a low resistance metal on a gate, and

(3) compound semiconductor device of HEMT.

First of all, an embodiment of a production
method of a self-aligned type refractory gate MESFET
having a low resistance metal on a gate of the above
described paragraph (2) will be described. The pro-
duction method of MESFET of the above described
paragraph (1) can be obtained by only changing a part
thereof.

Figure 5(a) corresponds to figure 2(e) and figure
3(f). The n type active layer region 6 is previously pro-
duced before the process of figure 2(a) and figure
3(a).

When refractory metal silicide or refractory metal
10 such as WSi, W, Mo is plated by sputtering or
evaporation in this state, the state shown in figure 5(b)
results. Annealing is carried out in this state, thereby
activating the ion implantation region 6 to produce
n* active region 6a in the semiconductor substrate 1.

Next, a low resistance metal 11 such as Au is
plated by sputtering or evaporation, thereby resulting
in the state of figure 5(c). Next, as shown in figure
5(d), a gate pattern of photoresist is produced on the
low resistance metal 11 and the unrequired portions
of low resistance metal 11 and refractory metal 10 are
removed by ion milling using the photoresist as a
mask, and further the photoresist is removed, thereby
producing a low resistance gate comprising low resi-
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stance metal 11 and refractory metal 10.

Thereafter, contact holes are apertured in the
thermohardening resin 3 and the SiN film 2 and an
ohmic metal is plated at the contact holes, thereby
producing a source and drain electrode as shown in
figure 5(e). Or after the thermohardening resin 3 and
Sin film 2 are removed, an ohmic metal is plated
thereby to produce a source and a drain electrode.

Here, when only MESFET of the above-described
paragraph (1) is produced, the gate is patterned in the
state of figure 5(b), unrequired parts of refractory
metal 10 are removed by RIE, hardened thermchar-
dening resins 3a and 3b and the SiN film 2 are
removed, and thereafter an annealing is carried out.
Here, in both cases, the SiN film 2 is not required to
be provided if the second embodiment is used.

Inthe MESFET produced in this way, itis possible
to produce a fine pattern gate comprising refractory
metal at a place apart from the active region by the
distance of the thermohardening region by thermal
diffusion 3b self-alignedly at high controllability and at
high reproducibility.

In a device in which a low resistance metal is pro-
vided on refractory metal gate, the gate resistance
can be reduced.

An embodiment of a method of producing a
HEMT of the above described paragraph (3) will be
described.

Figure 6(a) shows a state in which a SiN film 2 is
plated on an n*-GaAs layer 14 / n-AlGaAs layer 13 / i-
GaAs layer 12 produced by epitaxial growth method
for HEMT on a compound semiconductor substrate 1,
thermohardening resin 3 is plated thereon, and a gate
pattern and a source and drain pattern comprising
photoresist 4 are produced thereon at the same time,
and ions are implanted.

By this, the non-hardened thermohardening resin
3 remains on the gate and the source and drain. When
the photoresist 4 is removed, a state shown in figure
6(b) is obtained.

Next, as shown in figure 6(c), patterning is carried
out using photoresist 15 and the thermohardening
resin 3 at the gate part is removed by hydrofluoric acid
and the SiN film 2 is removed by plasma etching, re-
spectively, and further the n*-GaAs layer 14 is recess
etched by dry or wet etching.

Next, the refractory metal 10 is sputtered as
shown in figure 6(d).

Next, the photoresist 16 is patterned and the ref-
ractory metal 10 is etched by RIE as shown in figure
6(e).

Next, the thermohardening resin 3 on the source
and drain is removed by hydrofluoric acid as shown in
figure 6(g). Annealing is carried out in this state and
the damages caused by sputtering of the refractory
metal 10 are removed. Next, as shown in figure 6(g),
low resistance metal 11 is sputtered or deposited on
the refractory metal gate and it is again patterned.
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Next, the SiN film 2 is etched using the ther-
mohardening resin 3a and 3b as a mask and the ther-
mohardening resin 3a and 3b which is sufficiently
hardened are removed by hydrofluoric acid against
the SiN film 2 as shown in figure 6(h). The etching rate
of the thermohardening resin 3a and 3b is about ten
times as that of the SiN film 2.

Next, an chmic metal is evaporated as shown in
figure 6(i) and patterning is carried out to remove the
ohmic metal of the portion other than the gate, source,
and drain as shown in figure 6(j), and thereafter sin-
tering is carried out, thereby completing a HEMT.

In the above illustrated embodiment, the SiN film
2 is not required if the second embodiment is
employed in the ion implantation process.

Furthermore, in a case where the refractory metal
10 is not sputtered but evaporated, if a low resistance
metal 11 is plated in the state of figure 6(d) and there-
after the process of figure 6(e) is carried out to obtain
a state of figure 6(g), one patterning process can be
omitted.

In the HEMT device of the present invention, the
distance between gate and source and the distance
between gate and drain can be determined by the first
patterning shown in figure 6(a) and a fine pattern gate
can be produced.

As is evident from the foregoing description,
according to the present invention, photoresist is pat-
terned on thermohardening resin, and a particle beam
is implanted using the photoresist as a mask to har-
den the thermohardening resin, the photoresist is
removed, and thereafter an inverted pattern is pro-
duced by selectively removing the non-hardened
resin part where the particle beam is not implanted,
and the inverted pattern is transferred onto the metal,
insulating film, or photoresist. Therefore, the broaden-
ing of pattern at the production of an aperture and the
reduction of pattern at the production of a triple-layer
photoresist can be prevented.

Since particle beam of ions of the kind which are
to be donors, acceptors, or deep levels in the semi-
conductor are implanted at an implantation energy of
which ions reach the semiconductor substrate, an ion
implantation region can be produced in the substrate
simultaneously with the inverted pattern, that is, the
production process is simplified, and the active region
or insulating region can be produced self-aligned with
the inverted pattern by annealing which is performed
thereafter.

In a production method in which the particle beam
is implanted at an energy of which ions cannot reach
the substrate and thereafter ions which are to be the
donors, acceptors, or deep levels in the semiconduc-
tor are implanted at an implantation energy of which
ions can reach the semiconductor substrate, and the
aperture pattern is produced self-aligned with the
implantation region by transferring the above des-
cribed pattern, the fine pattern gate electrode can be
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produced self-aligned with the active region and
further the kind and the amount of the implantation
into the active layer can be arbitrarily determined. In
addition, in another production method in which an
active region and insulating region are produced in
the substrate simultaneously with production of the
inverted pattern and the pattern is transferred to pro-
duce an aperture pattern, the aperture pattern can be
produced self-aligned with these regions, and a MES-
FET of high reliability can be easily produced by pro-
viding a Schottky metal at this aperture and providing
an chmic metal on the ion implantation region.
Furthermore, when a gate electrode is produced
at an aperture pattern produced by the transferring of
the inverted pattern and a source and drain electrodes
are provided at the other aperture patterns, a HEMT
having a fine pattern gate produced self-aligned with
the source and drain electrode can be obtained and
the distance between the gate and source and the dis-
tance between gate and drain can be determined by
only conducting patterning at the time of producing
the inverted pattern by the particle beam implantation.

Claims

1. A production method of a semiconductor device
including a process of producing a mask pattern
to be used in the later process on a ground sub-
strate, which process of producing said mask pat-
tern comprising the steps of:

plating thermohardening resin on said
ground substrate;

implanting particle beam selectively to
said thermohardening resin to sufficiently harden
said thermohardening resin selectively; and

removing non-hardened part of said ther-
mohardening resin where said particle beam is
not implanted, thereby resulting in said mask pat-
tern comprising a pattern of said remaining ther-
mohardening resin.

2. A production process of a semiconductor device
as defined in claim 1, wherein said particle beam
implantation process includes a process of
implanting kind of ions which are to be donors,
acceptors, or deep levels in said semiconductor
of said ground substrate including semiconductor
at an implantation energy of which ions reach said
semiconductor.

3. A production process of a semiconductor device
comprising the steps of:
plating thermohardening resin on a semi-
conductor substrate or on a semiconductor sub-
strate having an insulating film at a surface
thereof;
producing a photoresist pattern on said
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thermohardening resin;

carrying out implantation of ions which are
to be donors, acceptors, or deep levels in said
semiconductor using said photoresist pattern as
a mask at an energy of which ions reach said
semiconductor substrate to harden sufficiently
said thermohardening resin at said implantation
region and producing an ion implantation region
in said substrate;

removing said photoresist pattern and
non-hardened portion of said thermohardening
resin; and

transferring a pattern of said remaining
thermohardening resin onto the lower layer semi-
conductor substrate or onto the insulating film on
said substrate and producing an aperture part
self-aligned with said implantation region.

A production method of a semiconductor device
comprising the steps of:

plating thermohardening resin on a semi-
conductor substrate or on a substrate having an
insulating film at a surface thereof;

producing a photoresist pattern on said
thermohardening resin;

implanting particle beam using said photo-
resist pattern as a mask to harden sufficiently said
thermohardening resin at said particle beam
implantation region;

implanting ions which are to be donors,
acceptors, or deep levels in said semiconductor
using said photoresist pattern as a mask at an
energy of which ions reach said semiconductor
substrate to produce an ion implantation region in
said substrate;

removing said photoresist pattern and said
non-hardened thermohardening resin; and

transferring a pattern of said remaining
thermohardening resin onto the lower layer semi-
conductor substrate or onto the insulating film on
a substrate and producing an aperture self-alig-
ned with said ion implantation region.

A production method of a semiconductor device
as defined in claim 3 wherein an active region is
previously produced in said semiconductor sub-
strate, ion implantation regions in said substrate
are a source and a drain region to which ions
which are to be donors, or acceptors in said semi-
conductor are implanted, and which further com-
prises a process of producing a Schottky metal at
an aperture part which is produced self-aligned
with said ion implantation region by said pattern
transferring, a process of removing said ther-
mohardening resin on said source and drain reg-
ion, and a process of producing an ochmic metal
on said removed part, thereby producing a MES-
FET.
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A production method of a semiconductor device
as defined in claim 4 wherein an active region is
previously produced in said semiconductor sub-
strate, ion implantation regions in said substrate
are a source and a drain region to which ions
which are to be donors, or acceptors in said semi-
conductor are implanted, and which further com-
prises a process of producing a Schottky metal at
an aperture part which is produced self-aligned
with said ion implantation region by said pattern
transferring, a process of removing said ther-
mohardening resin on said source and drain reg-
ion, and a process of producing an ohmic metal
on said removed part, thereby producing a MES-
FET.

A production method of a semiconductor device
for producing a HEMT, comprising the steps of:

plating thermohardening resin on a com-
pound semiconductor substrate on which an
active region is produced or via an insulating film
on said compound semiconductor substrate;

covering regions corresponding to a gate
electrode, a drain electrode, and a source elec-
trode production region on said thermohardening
resin by photoresist;

implanting particle beam to said ther-
mohardening resin using said photoresist pattern
as a mask to harden sufficiently the thermohar-
dening resin of said particle beam implantation
region;

removing said photoresist pattern and
removing said non-hardened thermohardening
resin at said gate electrode production region;

etching said compound semiconductor
substrate or insulating film on said substrate exp-
osed thereby and producing recess groove
reaching said active layer;

plating a Schottky metal on said recess
groove part;

removing said non-hardened thermohar-
dening resin at said source and drain electrode
production region to expose said compound
semiconductor substrate; and

plating an ohmic electrode on the surface
of exposed substrate.
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